Aims-To investigate the eVectiveness of long term, low dose azithromycin treatment for chronic cryptosporidiosis in patients with AIDS. Methods-Azithromycin was administered as initial daily treatment to 13 patients with AIDS: 6 patients received 500 mg for 30 to 40 days (mean 35); 3 patients received 1000 mg for 21 to 50 days (mean 37); and 4 patients received 1500 mg for 20 days. Nine of the 13 patients were also given low dose maintenance treatment with diVerent schedules of azithromycin for 30 to 360 days (mean 129). Patients were monitored, during and after treatment, for parasite shedding in stool and for daily stool frequency and body weight. All but one patient had severe immunodeficiency. Results-Long term, low dose maintenance treatment was associated with major clinical and parasitological benefits: there was probable eradication of infection in 2 patients, and 7 patients showed a complete response with persistent high decrease (5 patients) or clearance (2 patients) of parasite in stool. The drug was well tolerated, and there was no relapse either during treatment or during follow up (up to 21 months). These results were more impressive than those observed after the short term initial course of azithromycin, which was unable at any tested dose to achieve parasite clearance in stool (except in the patient with less advanced immunodeficiency) or to prevent relapse in 3 patients who discontinued treatment. Reversible side eVects occurred with the 1500 mg daily dose. Conclusions-Long term, low dose azithromycin is well tolerated and may induce stable remission of chronic cryptosporidiosis in patients with AIDS. It may lead to probable eradication of the infection in some patients, even those with severe immunodeficiency. (J Clin Pathol 1998;51:138-142) 
Cryptosporidiosis is a cause of chronic, sometimes life threatening, diarrhoea in about 15-40% of severely immunodeficient patients with AIDS. [1] [2] [3] There is currently no eVective treatment for cryptosporidiosis in immunocompromised patients; none of the available agents has been able to eradicate the infection or to induce stable clinical and parasitological remission. [1] [2] [3] [4] [5] Treatment failure can be explained by the fact that diVerent chemotherapy is required for the early and the chronic phases of intestinal cryptosporidiosis. As seen in animal models, luminally active drugs can be suYcient to treat the early acute phase that involves the luminal surface of the gut during the first month of infection. 6 However, drugs that are well absorbed through the intestinal mucosa and that are expected to have activity in the hepatobiliary tract are needed in the subsequent chronic phase. This phase is usually complicated by infection of the hepatobiliary tract and by formation of abscesses, with obliteration of intestinal crypts and stomach pits deeply harbouring parasite forms that become inaccessible to luminal treatment. 6 Similar mechanisms are likely to be operating in man. Furthermore, biliary cryptosporidiosis is known to be a common source of reinfection in immunodeficient patients with AIDS. 7 8 Treatment failure can be also explained by the fact that many tested drugs have reduced activity at the low pH of the stomach and low concentrations in the terminal ileum and caecum, which are the areas of highest infection. 4 6 Paromomycin, the most commonly used drug, has these limitations and is effective in no more than 30% of AIDS patients. 4 9 Among other drugs that have been tested for human cryptosporidiosis, the macrolide azithromycin exhibits a more appropriate pharmacological profile, and has been well tolerated in humans. 10 Following oral administration, azithromycin is well absorbed and widely distributed in tissues where its concentrations largely exceed that in serum, and its antimicrobial activity persists because of its slow release. 10 Moreover, most of the absorbed drug remains unmetabolised, being excreted in faeces via the biliary tract (at concentrations higher than in serum), and by the transintestinal route. 10 Based on these data, eVective concentrations of azithromycin are expected to be reached in the hepatobiliary tract as well as in the terminal ileum and caecum.
Anticryptosporidial activity of azithromycin has been demonstrated in vitro, 11 and the drug has high dose dependent eVectiveness in the prevention and treatment of ileal, caecal, and biliary cryptosporidiosis of immunosuppressed rats, although eradication was not achieved with the schedules of treatment used in these experiments. 9 12 In man, the results of azithromycin treatment for cryptosporidiosis are conflicting; however, there have been reported successes in immunocompromised children and suggestion of clinical and parasitological responses in AIDS patients after short term treatment, especially with high doses. 1-3 5 13-16 To our knowledge, no long term azithromycin treatment for AIDS related cryptosporidiosis has been reported in the literature, although data from animal models suggest that long term continuous administration may be necessary in the immunocompromised host. 12 We provided long term, low dose azithromycin treatment for chronic cryptosporidiosis in immunodeficient patients with AIDS, and our results suggest that this regimen may induce stable remission of the infection, and may lead to eradication in some cases.
Patients and methods
Thirteen HIV infected patients (11 male, 2 female) with chronic cryptosporidiosis were studied. All but one patient had previously had standard courses with paromomycin 4 leading to only transient symptomatic relief, with relapse occurring a few days after the treatment was discontinued. The patients were aged between 30 and 47 years (mean 35.6). Nine patients were homosexual and four were drug addicts. CD4+ T cell count ranged from 0-85 × 10 6 /l in 12 patients (mean 24.3); it was 162 × 10 6 /l in the other patient. All 13 patients had AIDS at the time of study entry; AIDS defining events were cryptosporidiosis in eight cases, and oesophageal candidiasis, cytomegalovirus infection, pneumocystosis, systemic Mycobacterium avium infection, and Kaposi's sarcoma in the other five cases, respectively. All patients had chronic diarrhoea (at least two months) with a range of 3-10 watery stools each day (mean 6). Weight loss ranged from 5-17 kg (mean 9).
Stools were processed by modified acid-fast staining to detect cryptosporidia. 17 The amount of oocyst shedding was evaluated by a semiquantitative method on 100 microscopic fields: oocysts were defined as very frequent if present in every field, frequent if present in more than 50 but fewer than 100 fields, rare if present in fewer than 50 fields, and very rare if sporadically present. Before study entry, frequent to very frequent oocysts of cryptosporidium were present in all patients' stool. 18 All patients had diagnosis confirmed by light and transmission electron microscopy of endoscopic biopsy specimens taken from the third tract of the duodenum. Stool samples were also examined for bacteria, Clostridium diYcile toxin, mycobacteria, mycetes, adenoviruses and rotaviruses, microsporidia, and other parasites, with positive results in two patients who had Aeromonas hydrophila and Giardia lamblia, respectively.
All patients underwent a baseline evaluation that included full blood cell count, urine analysis, electrolytes, liver function tests, and abdominal ultrasonography.
Azithromycin was administered orally to all patients who were divided into three groups: group A received 500 mg daily (6 patients), group B received 1000 mg daily (3 patients), and group C received 1500 mg daily (4 patients) (table 1). Assignment to each group and length of treatment were based on patient compliance and concurrent treatments for coexisting diseases. Four of the 13 patients did not continue into maintenance treatment because of the severity of coexisting diseases (cases 4, 5, and 9) or the probable eradication after initial treatment (case 7). The remaining 9 patients (4 from group A, 1 from group B, and all 4 patients from group C) continued azithromycin into maintenance treatment with diVerent schedules of treatment for 30 to 360 days (mean 129) (table 2) . Again, assignment to each schedule was based on patient compliance and concurrent treatments for coexisting diseases. Three patients who had chosen to stop treatment after the initial course (cases 8, 11, and 12), began maintenance treatment after relapse.
Written informed consent was obtained before treatment. No concomitant antidiarrhoeal drugs were administered. Clinical assessment, and haematological and liver function tests were monitored at 10 day intervals during treatment. At the end of treatment, CD4+ T cell count was repeated in patients who had received treatment for longer than three months. 19 Adverse events were evaluated. Response to treatment was monitored by the search for oocysts in stool (one sample each day for three days) twice monthly during treatment and monthly after treatment, and by charting daily stool frequency and body weight.
A complete response was defined as cessation of diarrhoea (stool frequency less than three times each day), stabilisation of body weight, and significant decrease or clearance of oocyst shedding in stool lasting less than one year. A partial response was defined as more than 50% reduction in baseline stool frequency, with continuing weight loss, and either slight or no decrease of oocyst shedding in stool. No response was defined as no improvement in either clinical or parasitological baseline parameters. Probable eradication was defined as normal bowel movements with formed stool, stabilisation of body weight to preinfection level, and oocyst clearance in stool lasting at least one year.
Results

INITIAL TREATMENT
A complete response was observed in 10 patients (5 from group A, 2 from group B, and 3 from group C) (table 1). The remaining three patients showed partial response, no response, and probable eradication, respectively (table 1).
In the 10 patients who responded completely, a clinical response was obtained 1-30 days from starting treatment (mean 6.8), while a parasitological response (very rare faecal oocysts) was observed from 14-30 days (mean 18.4). Case 1 also showed relief from coexisting acalcolous cholecystitis (unresponsive to previous paromomycin courses) from the third day of treatment, supporting a probable cryptosporidial aetiology. No diVerences in the time to a complete response, either clinical or parasitological, were documented among the three study groups.
Probable eradication was achieved by a 21 day course of 1000 mg azithromycin daily in the patient with a CD4+ T cell count of 162 × 10 6 /l (case 7). In this case, diarrhoea ceased a week after starting treatment, and oocyst clearance in stool, with gain in body weight, was evident from the end of treatment. Neither clinical nor parasitological relapse was documented until the patient's death one year later from tuberculosis.
A partial response was observed in a patient receiving 500 mg daily for 40 days (case 4): daily stools decreased from 8 to 3 from the second day of treatment, and faecal oocysts decreased from very frequent to frequent three weeks after starting treatment.
There was no apparent response in a patient receiving 1500 mg daily for 20 days (case 10). In this case, the parasite load in stool did not decrease, and side eVects, such as worsening of diarrhoea (up to 15 watery stools each day) and abdominal cramps, were observed during treatment. These side eVects, however, promptly reversed by restarting azithromycin at a lower daily dose (table 2). The same side eVects, although less pronounced, were transiently present in two other patients also receiving azithromycin 1500 mg daily (cases 12 and 13). No adverse reactions were documented in patients receiving lower daily doses of azithromycin. Three patients (cases 8, 11, and 12) relapsed 21, 28, and 49 days after treatment was discontinued, respectively, while two others (cases 5, and 9) showed no relapse until death 30 and 90 days after completion of treatment, respectively (table 1) .
MAINTENANCE TREATMENT
Nine of the 13 patients continued into long term maintenance treatment with four schedules of treatment (table 2): azithromycin was administered at 500 mg 3 days each week to 3 patients from group A (cases 1, 2, and 3), and to 1 patient from group B (case 8); at 500 mg daily to 1 patient from group A (case 6), and to 2 patients from group C (cases 10, and 13); at 500 mg daily for 30 days, followed by 500 mg 5 days each week, to 1 patient from group C (case 11); and at 500 mg daily for 30 days, followed by 500 mg 3 days each week to another patient from group C (case 12). All schedules of treatment were well tolerated.
Complete response was observed in 7 patients and probable eradication in 2 patients (table 2) .
Cases 1, 2, 3, 6, and 13 had a persistent complete response, with no relapse until death (table 2) . Furthermore, case 13 also showed clearance of parasite in stool lasting until death. No symptomatic reactivation of acalcolous cholecystitis was documented in case 1 until death.
Case 8, who received maintenance treatment for one year, was still free from symptoms, and with a low parasite load in stool, eight months after interruption of treatment (table 2) .
Case 11 achieved parasite clearance five months from starting maintenance treatment, and was still free from symptoms, with no oocysts in stool, six months after interruption of treatment (table 2) .
The infection was probably eradicated in cases 10 and 12; there was parasite clearance from stool 30 and 120 days from starting maintenance treatment, respectively. Both patients recovered their preinfection weight and remained asymptomatic with no oocysts in stool, 21 and 14 months after completion of treatment, respectively (table 2) .
During the whole course of azithromycin, several coexisting diseases developed in each patient (table 3) , and no improvement in CD4+ T cell count was documented.
Discussion
Azithromycin has been tested in clinical trials for cryptosporidiosis in immunocompromised patients; however, in all these studies the drug was used for short term treatment.
1-3 5 13-16 To our knowledge, this is the first trial showing results after long term treatment.
Long term, low dose azithromycin treatment was associated with pronounced clinical and parasitological benefit in nine severely immunodeficient patients with AIDS: two patients probably had the infection eradicated, and seven patients showed a persistent complete response with high decrease (five patients) or clearance (two patients) of parasite in stool. The drug was well tolerated, and there was no relapse, either during treatment or many months after treatment.
These results are more impressive than those we observed after short term initial azithromycin. The initial course, although associated with both clinical and parasitological benefit, was unable to achieve parasite clearance in stool (except in one patient with less advanced immunodeficiency), or to prevent relapse in the three patients who discontinued treatment. Azithromycin at high doses did not give better results than at low doses, and reversible side eVects occurred with the 1500 mg daily dose.
Our results are in agreement with those obtained in animal models of cryptosporidiosis that emphasise the need for long term continuous administration of azithromycin in immunocompromised hosts. 12 Our results suggest that low dose long term azithromycin treatment would be adequate to avoid relapse and, possibly, to achieve eradication of chronic cryptosporidiosis in some patients with extremely low CD4+ T cell counts. Our data indicate that low dose, long term azithromycin can give better results than standard paromomycin, which is known to allow relapses either during or shortly after stopping treatment.
1-3
The regimen we used required long term treatment, but azithromycin was well tolerated, adverse reactions occurred only with the highest dose (1500 mg daily), and promptly reversed when a lower dose was started. These data are in agreement with the literature, showing good tolerance of azithromycin in man, 10 and support its safety for chronic use. The eVects on cryptosporidiosis were obtained despite the fact that several opportunistic infections developed during the course of treatment, and no improvement in CD4+ T cell count was documented.
In spite of its small size, this study supports the eVectiveness and safety of azithromycin for treating chronic cryptosporidiosis in patients with AIDS, and highlights the importance of long term, low dose treatment to prevent relapses and possibly achieve eradication of the infection, even in patients with severe immunodeficiency. These results could help to explain the controversial responses reported in the literature after short term treatment with azithromycin. 3 Randomised controlled trials are required to confirm our preliminary results and to disperse doubts of spontaneous remission or improvement because of treatments for concomitant infections. These events, although possible, are unlikely as symptomatic cryptosporidiosis was chronic (many months in most patients) and showed no spontaneous remission before drug treatment, while there was a pronounced response to azithromycin. Moreover, to our knowledge, none of the drugs we used to treat concomitant infections (table 3) are reported to have activity against cryptosporidium.
As no patient had a gut biopsy after treatment, eradication is diYcult to prove. 16 20 However, the infection was probably eradicated in three patients (cases 7, 10, and 12) as they showed parasite clearance in stool during long term follow up (at least one year) based on a monthly search for oocysts with collection of one stool sample a day for three days. 20 Furthermore, during this period bowel movements were normal and body weight increased to preinfection levels.
